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(54) VARIABLE POWER OPTICAL SYSTEM HAVING VIBRATIONPROOF FUNCTION 

(57)Abstract: 

PURPOSE: To provide the variable power optical 
system which is constituted to form a static image 
by optically correcting the blur of the photographic 
image in the event of vibration of the variable power 
optical system and has a vibrationproof function. 
CONSTITUTION: This variable power optical 
system has, successively from an object side, four 
lens groups; a first group L1 which is stationary at 
the time of varying power and focusing and has a 
positive refracting power, a second group L2 which 
has a variable power function and has a negative 
refracting power, a third group L3 which has a 
aperture diaphragm and a positive refracting power ^b J 
and a fourth group L4 which has both of a 4c 
correction function to correct the image plane 
fluctuated by the variable power and a focusing 
function and has a positive refracting power. The 
third group L3 consists of two lens groups; a 31st 

group L31 having a negative refracting power and a 32nd group L32 having a positive 
refracting power and corrects the blur of the photographic image when the variable 
power optical system vibrates by moving the 32nd group L32 in a direction perpendicular 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st group of positive refracting power of immobilization [ side / object / in 
order] in the case of variable power and a focus, the 2nd group of negative refracting 
power that has a variable power function, It is a variable power optical system with four 
lens groups of the 4th group of positive refracting power that has a function of an 
aperture diaphragm, the 3rd group of positive refracting power, and both sides of a 
correcting function which amends the image surface changed by variable power, and a 
focus function, A variable power optical system with a vibration proof function, wherein 
this 3rd group has amended Bure of a taken image when two lens groups, the 31st group 
of negative refracting power and the 32nd group of positive refracting power, are 
comprised, this 32nd group is moved to an optic axis and a perpendicular direction and 
this variable power optical system vibrates. 

[Claim 2]A variable power optical system with a vibration proof function of claim 1 
satisfying conditions which become 1 .5<|f31-/f32|<2.5 when a focal distance of said 31st 
group and the 32nd group is respectively set to f31 and f32. 

[Claim 3]The 1st group of positive refracting power of immobilization [ side / object / in 
order ] in the case of variable power and a focus, the 2nd group of negative refracting 
power that has a variable power function, It is a variable power optical system with four 
lens groups of the 4th group of positive refracting power that has a function of the 3rd 
group of positive refracting power, and both sides of a correcting function which amends 
the image surface changed by variable power, and a focus function, A variable power 
optical system with a vibration proof function, wherein this 3rd group has amended Bure 
of a taken image when it has two or more lens groups, at least some lens groups in this 
3rd group are moved to an optic axis and a perpendicular direction and this variable 
power optical system vibrates. 

[Claim 4]A variable power optical system with a vibration proof function of claim 3, 
wherein said 3rd group has two lens groups, the 31st group of positive refracting power, 
and the 32nd group of negative refracting power, and is moving this 32nd group to an 
optic axis and a perpendicular direction. 

[Claim 5]A variable power optical system with a vibration proof function of claim 3 
satisfying conditions which become 0.8<|f31-/f32|<1 .0 when a focal distance of said 31st 
group and the 32nd group is respectively set to f31 and f32. 

[Claim 6]Claims 3 and 4 providing an aperture diaphragm near said 3rd group, or a 
variable power optical system with a vibration proof function of 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]ln this invention, some especially lens groups of a variable power 
optical system are moved to an optic axis and a perpendicular direction about a variable 
power optical system with a vibration proof function. 

Therefore, it is related with a variable power optical system with the suitable vibration 
proof function for a photographic camera, a video camera, etc. which amended optically 
Bure of the taken image when this variable power optical system vibrates (tilting), 
obtained the still picture, and attained stabilization of the taken image. 

[0002] 

[Description of the Prior Art]lf it is going to carry out photography from on [, such as an 
on-going car, an airplane, etc., ] a movable matter object, vibration will get across to a 
photographing system, it will become a shaking hand, and Bure will arise in a taken 
image. 

[0003]The vibration-proof optical system with the function to prevent Bure of the taken 
image at this time conventionally is proposed [ that it is various and ]. 
[0004]For example, in JP, 56-21 133, B, stabilization of the picture is attained by moving an 
optical apparatus in the direction which offsets oscillating displacement of the picture 
according some optical members to vibration according to the output signal from a 
detection means to detect a vibrational state. 

[0005]ln JP,61-223819,A, in the photographing system which has arranged the refracted 
type variable vertex angle prism to the photographic subject side most, it is made to 
correspond to vibration of a photographing system, the vertical angle of this refracted 
type variable vertex angle prism is changed, a picture is deflected, and stabilization of the 
picture is attained. 

[0006]ln JP, 56-34847, B and JP, 57-741 4, B, the fixed optical member has been spatially 
arranged to vibration to a part of photographing system, by using the prism action 
produced to vibration of this optical member, the taken image was deflected and the still 
picture has been obtained on the image formation face. 

[0007]ln JP,1-116619,A or JP.2-124521 ,A, vibration of a photographing system is 
detected using an acceleration sensor etc., and the method of obtaining a still picture is 
also performed by vibrating some lens groups of a photographing system in the direction 
which intersects perpendicularly with an optic axis according to the signal acquired at this 
time. 

[0008]ln addition, when the lens system which comprises two lens groups of negative, the 
1st group of positive refracting power, and the 2nd group in JP,2-238429,A or U.S. Pat. 
No. 2959088 is arranged ahead of a photographing system and a photographing system 
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vibrates, This 2nd group was made into the operation lens group for vibration proof, and 
the vibration-proof optical system using the inertia pendulum method which carried out 
gimbal support in the focal position is proposed. 
[0009] 

[Problem(s) to be Solved by the InventionJThere was a problem that the moving 
mechanism for arranging a vibration-proof optical system ahead of a photographing 
system generally, vibrating some moving lens groups of this vibration-proof optical 
system, losing Bure of a taken image, and the whole device enlarging the method of 
obtaining a still picture, and moving this moving lens group was complicated. 
[0010]The yield of the decentration aberration when vibrating a moving lens group 
increased, and the problem of falling greatly also had optical performance. 
[001 1]Especially in the optical system which makes vibration-proof using a variable vertex 
angle prism, there was a problem that the yield of the eccentric chromatic aberration of 
magnification increased in the long focal length side (looking-far side) at the time of 
vibration proof. 

[0012]Although there is an advantage of not requiring an optical system special for 
vibration proof, in the optical system which makes vibration-proof on the other hand by 
making the parallel eccentricity of some lenses of a photographing system carry out 
perpendicularly to an optic axis, The space for the lens to which it is made to move was 
needed, and there was a problem that the yield of the decentration aberration at the time 
of vibration proof increased. 

[0013]ln order to secure required light volume on an imaging surface at the time of 
vibration proof, the lens diameter of the lens group by the side of an object had to be 
made larger than a moving lens group, and there was a problem that the whole device 
enlarged and came for this reason. 

[0014]This invention by moving the comparatively small lightweight lens group which 
constitutes a part of variable power optical system to an optic axis and a perpendicular 
direction, and constituting so that Bure of a picture when this variable power optical 
system vibrates (tilting) may be amended, An eccentric yield when carrying out 
eccentricity of this lens group is stopped few, attaining miniaturization of the whole 
device, simplification on a mechanism, and reduction of the load of a driving means, and 
it aims at offer of a variable power optical system with the vibration proof function which 
amended the decentration aberration good. 
[0015] 

[Means for Solving the Problem]The 1st group of refracting power of immobilization [ side 
/ object (1-1 ) / in order ] in the case of variable power and a focus positive in a variable 
power optical system with a vibration proof function of this invention, The 2nd group of 
negative refracting power that has a variable power function, an aperture diaphragm, the 
3rd group of positive refracting power, And it is a variable power optical system with four 
lens groups of the 4th group of positive refracting power that has a function of both sides 
of a correcting function which amends the image surface changed by variable power, and 
a focus function, It is characterized by this 3rd group having amended Bure of a taken 
image when two lens groups, the 31st group of negative refracting power and the 32nd 
group of positive refracting power, are comprised, this 32nd group is moved to an optic 
axis and a perpendicular direction and this variable power optical system vibrates. 
[0016](1-2) The 1st group of positive refracting power of immobilization [ side / object / in 
order ] in the case of variable power and a focus, It is a variable power optical system 
with four lens groups of the 4th group of positive refracting power that has a function of 
the 2nd group of negative refracting power that has a variable power function, the 3rd 
group of positive refracting power, and both sides of a correcting function which amends 
the image surface changed by variable power, and a focus function, It is characterized by 
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this 3rd group having amended Bure of a taken image when it has two or more lens 
groups, at least some lens groups in this 3rd group are moved to an optic axis and a 
perpendicular direction and this variable power optical system vibrates. 
[0017] 

[ExamplejThe schematic diagram, drawing 18 , and drawing 19 which drawing 1 shows 
the paraxial refractive power arrangement of the numerical examples 1-4 which this 
invention mentions later are a schematic diagram showing the paraxial refractive power 
arrangement of the numerical examples 5 and 6 which this invention mentions later. 
[0018]The lens sectional view of the wide angle end of the numerical examples 1-4 of this 
invention and drawing 20 of drawing 2 - drawing 5 are the lens sectional views of the wide 
angle end of the numerical example 5 of this invention. 

[0019]ln drawing 1 , the 1st group of refracting power positive in L1 , the 2nd group of 
refracting power negative in L2, and L3 are the 3rd group of positive refracting power, 
and it has the 31st group L31 of negative refracting power, and the 32nd group L32 of 
positive refracting power. 

[0020]ln numerical examples 1-4, Bure of a taken image when the 32nd group L32 is 
moved to an optic axis and a perpendicular direction and a variable power optical system 
vibrates (tilting) is amended. 

[0021JL4 is the 4th group of positive refracting power. SP is an aperture diaphragm and is 
stationed ahead of the 3rd group L3. G is glass blocks, such as a faceplate. IP is the 
image surface. 

[0022]ln this example, on the occasion of the variable power from a wide angle end to a 
tele edge, the 2nd group is moved to the image surface side like an arrow, and the 4th 
group was moved and the image surface fluctuation accompanying variable power is 
amended. 

[0023]The rear focus type which moves the 4th group on an optic axis and performs a 
focus is adopted. The curve 4a of the solid line of the 4th group and the curve 4b of a 
dotted line which are shown in the figure show the moving track for amending the image 
surface fluctuation at the time of following on the variable power from a wide angle end 
when carrying out the focus to the infinite distance object and the short distance object 
respectively to a tele edge. The 1st group and the 3rd group are immobilization in the 
case of variable power and a focus. 

[0024]ln this example, move the 4th group and the image surface fluctuation 
accompanying variable power is amended, and the 4th group is moved and it is made to 
perform a focus. It is made to move so that it may have a convex locus to the object side 
on the occasion of the variable power from a wide angle end to a tele edge, as shown 
especially in the curves 4a and 4b of the figure. This aimed at effective use of the space 
of the 3rd group and the 4th group, and shortening of whole length of the lens is attained 
effectively. 

[0025]ln this example, when performing a focus from an infinite distance object to a short 
distance object in a tele edge, it is carrying out by letting out the 4th group to the front, as 
shown in the straight line 4c of the figure. 

[0026]The zoom lens in this example has taken the zooming system which carries out 
image formation of the virtual image formed by the constructional system of the 1st group 
and the 2nd group on a sensitization side by the 3rd group and the 4th group. 
[0027]ln this example, the increase of the lens effective diameter of the 1st group is 
prevented effectively, preventing the performance degradation by the eccentric error of 
the 1st group by taking the above rear focus methods compared with the case where let 
out the 1st group in what is called a conventional 4 group zoom lens, and a focus is 
performed. 

[0028]And by arranging an aperture diaphragm just before the 3rd group, the aberration 
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variation by a moving lens group was lessened, and reduction-ization of a front ball lens 
diameter is easily attained by making the interval of a front lens group shorter than an 
aperture diaphragm. 

[0029]lmage Bure when constitute the 3rd group L3 from two lens group L3-1 and L3-2 in 
the numerical examples 1-4 of this invention, among these it is made to move to an optic 
axis and a perpendicular direction by having made the 32nd group L32 vibration proof 
and a variable power optical system vibrates is amended. It is making vibration-proof 
without this newly adding optical members, such as a lens group for vibration proof, and 
a variable vertex angle prism, compared with the conventional vibration-proof optical 
system. 

[0030]Next, the optical principle of the vibration-proof system which moves a lens group 
to an optic axis and a perpendicular direction in the variable power optical system 
concerning this invention, and amends Bure of a taken image is explained using drawing 
27. 

[0031]As shown in drawing 27 (A), the optical system consists of three portions of fixed 
group Y1, the eccentric group Y2, and the fixed group Y3, and it is assumed that the 
object point P on the optic axis which is fully separated from a lens is carrying out image 
formation to the center of imaging surface IP as the image point p. 
[0032]Supposing the whole optical system including imaging surface IP inclines 
momentarily by a shaking hand like drawing 27 (B) now, the object point P will move to 
image point p' momentarily too, and will serve as the Bure ******. 
[0033]On the other hand, when the eccentric group Y2 is moved to an optic axis and a 
perpendicular direction, like drawing 27 (C), the image point p moves to p ", and its 
movement magnitude and direction are expressed as eccentric sensitivity of the lens 
group depending on power arrangement. 

[0034]Then, hand shake correction, i.e., vibration proof, is performed as image point p' 
which shifted by the shaking hand in drawing 27 (B) is shown in drawing 27 (D) by 
returning to the image formation position p of a basis when only a suitable quantity 
moves the eccentric group Y2 to an optic axis and a perpendicular direction. 
[0035]Now, the vibration-proof capability in the meaning of shifting a picture will be called 
vibration-proof sensitivity IS, [Shift amount mm / correction angle deg] It expresses with 
the unit to say. When eccentric sensitivity of f and the shift group Y2 is set to TS for the 

focal distance of a master lens, vibration-proof sensitivity IS is IS=f-tan17TS (a) 

It comes out, and it is expressed and the eccentric sensitivity which the shift group has 
serves as important factor. 

[0036]ln the variable power optical system concerning this invention, the light which 
usually emitted the 3rd group L3 is an abbreviated parallel beam. For this reason, 
eccentric sensitivity TS serves as a very small value. 

[0037]Then, in the numerical examples 1-4 of this invention, the 3rd group is constituted 
from two lens groups, the 31st group L31 of negative refracting power, and the 32nd 
group L32 of positive refracting power, eccentric sensitivity TS is enlarged, and it enables 
it to make vibration-proof effectively. 

[0038]When the focal distance of the 31st group and the 32nd group is set to f31 and f32 

especially in the numerical examples 1-4, respectively, it is 1 .5<|f31/f32|<2.5 (1-1) 

It is made to be satisfied. 

[0039]A conditional expression (1-1) is related with the refractive power arrangement of 
two lens groups of the 3rd group, if the negative refracting power of the 31st group 
becomes weak exceeding the upper limit of a conditional expression (1-1), the effect 
which divided the 3rd group is small, eccentric large sensitivity cannot be taken, and it 
becomes difficult to secure the space which puts in a driving means for the 32nd group 
between the 32nd group and the 4th group, and it is not preferred. 



4 of 6 



6/27/2008 1:36 PM 



JP,07- 12861 9,A [DETAILED DESCRIPTION] http://www4 .ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=ht. . . 

[0040]Conversely, if the negative refracting power of the 31st group becomes strong too 
much exceeding the lower limit of a conditional expression (1-1), In order to maintain the 
3rd group at positive refracting power as a whole, according to it, the refracting power of 
the 32nd group become strong too much and. When leading to optical performance 
degradation at the time of vibration proof, and the eccentric sensitivity of the 32nd group 
becomes high too much and it performs closed loop control using the Bure correction 
amount from each speed sensor also from on vibration-proof control, an oscillation, the 
amendment remainder, etc. of a control system come out, and it is not desirable. 
[0041]Next, the numerical examples 5 and 6 of this invention are described using drawing 
18 and drawing 19 . 

[0042]The numerical examples 5 and 6 constitute the 3rd group of positive refracting 
power from two or more lens groups, as shown in drawing 18 compared with the 
numerical examples 1-4, Among these, it differs in that Bure of a taken image when at 
least one lens group L3a is moved to an optic axis and a perpendicular direction and a 
variable power optical system vibrates (tilting) is amended, and other composition is the 
same. 

[0043]As specifically shown in drawing 19 , the 3rd group is constituted from the 31st 
group L31 of positive refracting power, and the 32nd group L32 of negative refracting 
power in order from the object side, The point of moving this 31st group to the optic axis 
and the perpendicular direction differs from the conditional expression (1-2) which restrict 
the ratio of the focal distance of the 31st group and the 32nd group and which is 
mentioned later, and other composition is the same. 

[0044]ln drawing 18 and drawing 19 , the same code number is given to the same 
element as drawing 1 . 

[0045]The optical principle of the vibration-proof system which amends Bure of a taken 
image in the variable power optical system of the numerical examples 5 and 6 which 
have the paraxial refracting power shown in drawing 19 is the same as drawing 27 
fundamentally mentioned above. 

[0046]lt is set up so that the light flux which emitted the 3rd group L3 like the numerical 
examples 1-4 mentioned above in the numerical examples 5 and 6 may become an 
abbreviated parallel beam. For this reason, the eccentric sensitivity of the 3rd group L3 
serves as a very small value. 

[0047]Then, as the numerical examples 5 and 6 are shown in drawing 19 , the 3rd group 
L3 is divided into the 31st group of positive refracting power, and the 32nd group of 
negative refracting power, this raises the eccentric sensitivity of the 31st group, and it 
enables it to make vibration-proof effectively. 

[0048]When the focal distance of the 31st group and the 32nd group is set to f31 and f32 

in the numerical examples 5 and 6, respectively, it is 0.8<|f31/f32|<1.0 (1-2) 

It is made to be satisfied. 

[0049]The effect of a conditional expression (1-2) which divided the 3rd group when it is 
related with refracting power distribution of the lens group which constitutes the 3rd group 
and the negative refracting power of the 32nd group became weak exceeding the lower 
limit of a conditional expression (1-2) is small, and eccentric large sensitivity cannot be 
taken. 

[0050]Conversely, if the negative refracting power of the 32nd group becomes strong too 
much exceeding the upper limit of a conditional expression (1-2), in order to maintain the 
3rd group at positive refracting power as a whole, according to it, the positive refracting 
power of the 31st group become strong too much and. When it leads to the performance 
degradation at the time of vibration proof, and the eccentric sensitivity of the 31st group 
becomes high too much and closed loop control is performed also from a point of 
vibration-proof control using the signal acquired, for example from the amount detection 
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means of shaking hands, the oscillation of a control system is not caused, or Bure's 
amendment remainder etc. arise and it is not desirable. 

[0051 ]ln numerical examples 1-4, both lens sides constitute the 31st group from two 
lenses of the positive lens and negative lens on the meniscus which turned the convex to 
the concave single lens [ negative ] or object side, and the 32nd group consists of 
lamination lenses which joined the positive lens, the positive lens, and the negative lens. 
[0052]The 31st group is constituted from the lamination lens and positive lens which 
joined the positive lens and the negative lens, and the 32nd group consists of the 
numerical examples 5 and 6 from two negative lenses. 

[0053]Generating of a decentration aberration when moving the lens group for vibration 
proof to an optic axis and a perpendicular direction by this is lessened, and the optical 
performance of the whole screen is maintained good. 

[0054]Next, the numerical example of this invention is shown, in a numerical example — 
Ri ~ the object side — it is a curvature radius of the i-th lens side, and, as for Di, the i-th 
lens thickness and air spacing, nickel, and nui are the refractive index and Abbe number 
of glass of the i-th lens in order from the each object side in the object side. The relation 
between the above-mentioned monograph affair type and many numerical values in a 
numerical example is shown in table-1. 

[0055]When aspherical surface shape makes positive the direction of movement of H 
axis and light to the X-axis, an optic axis, and a perpendicular direction at an optical axis 
direction and a paraxial curvature radius, A, B, C, D, and E are respectively made into an 
aspheric surface coefficient for R [0056] 
[Equation 1] 

X= O/R) H +AH 2 + BH 4 + CH 6 + D h 8 +EH 10 

i +y i - (h/r) 2 

It expresses with the becoming formula. 

[0057]<The numerical example 1> F = 1.0-10.0. fno=1:1.85 - 2.28 2omega=46.81 
degree-6.08 degree R 1= 17.935 D 1= 0.304 N 1 = 1.80518 nu 1= 25.4 R 2= 4.321 D 2= 
1.673 N. 2=1.62299 nu 2= 58.2. R3=-1 6.760 D 3=0.043. R 4= 3.684 D 4= 0.956. N 
3=1.72000 nu 3= 50.3. R 5= 9.957D5 = variable R. 6=-62.802 D 6= 0.108. N 4=1.77250 
nu 4= 49.6. R 7= 0.975 D 7= 0.541 . R 8=-3.053 D 8= 0.108. N 5=1 .69680 nu 5= 55.5. R 
9= 1.075 D 9= 0.608. N 6=1.84666 nu 6= 23.8. R10=-682.845 D10 = variable R11 = 
(diaphragm) D1 1= 0.434 R12=-6.171 D12= 0.130 N 7=1 .6031 1 nu 7= 60.7 R13= 5.553 
D13= 0.434 R14= 4. . 532 D14= 0.717 N 8=1.60311. nu 8= 60.7 R15=-2.632. D15= 
0.032 R16= 3.554. D16= 0.978 N 9=1 .6031 1. nu 9= 60.7 R17=-1.752. D17= 0.152 
N1 0=1. 83481. nu10= 42.7 R18=-308.466. D1 8 = Variable R19= 56.092 D19=. 0.108 
N1 1=1.80518 nu11=. 25.4 R20= 2.492 D20=. 0.760 N1 2=1 .48749 nu12= 70.2 
R21 =-2.787 D21=. 0.032 R22= 2.430 D22= 0.391 N1 3=1. 48749 nu13= 70.2 R23= 7.801 
D23= 0.500 R24= infinity D24= 0.869 N14=1. 51633 nu14= 64.2 R25= infinity[0058] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the paraxial refractive power arrangement of the 
variable power optical system concerning this invention 

[Drawing 2] The lens sectional view of the wide angle end of the numerical example 1 of 
this invention 

[Drawing 3] The lens sectional view of the wide angle end of the numerical example 2 of 
this invention 

[Drawing 4] The lens sectional view of the wide angle end of the numerical example 3 of 
this invention 

[Drawing 5] The lens sectional view of the wide angle end of the numerical example 4 of 
this invention 

[Drawing 6] The several aberration figure of the wide angle end of the numerical example 

1 of this invention 

[Drawing 7] The several aberration figure of the tele edge of the numerical example 1 of 
this invention 

[Drawing 8] The several aberration figure of the tele edge of the numerical example 1 of 
this invention 

[Drawing 9] The several aberration figure of the wide angle end of the numerical example 

2 of this invention 

[Drawing 10] The several aberration figure 
this invention 

[Drawing 1 1] The several aberration figure 
this invention 

[Drawing 12] The several aberration figure 
example 3 of this invention 
[Drawing 13] The several aberration figure 
this invention 

[Drawing 14] The several aberration figure 
this invention 

[Drawing 15] The several aberration figure 
example 4 of this invention 
[Drawing 16] The several aberration figure 
this invention 

[Drawing 17] The several aberration figure 
this invention 

[Drawing 18] The schematic diagram of the paraxial refractive power arrangement of the 
variable power optical system concerning this invention 
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[Drawing 20] The lens sectional view of the wide angle end of the numerical example 5 of 
this invention 

[Drawing 21] The several aberration figure of the wide angle end of the numerical 
example 5 of this invention 

[Drawing 22] The several aberration figure of the tele edge of the numerical example 5 of 
this invention 

[Drawing 23] The several aberration figure of the tele edge of the numerical example 5 of 
this invention 

[Drawing 24] The several aberration figure of the wide angle end of the numerical 
example 6 of this invention 

[Drawing 25] The several aberration figure of the tele edge of the numerical example 6 of 
this invention 

[Drawing 26] The several aberration figure of the tele edge of the numerical example 6 of 
this invention 

[Drawing 27] The explanatory view of the optical principle of the vibration-proof system 

concerning this invention 

[Description of Notations] 

L1 The 1st group 

L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

L31 The 31 st group 

L32 The 32nd group 

SP Diaphragm 

IP Image surface 

d d line 

g g line 

deltaM meridional image surface 
deltas sagittal image surface 
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1 This document has been translated by computer. So the translation may not reflect the 
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